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A STUDY OF CERTAIN MINERALS 
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smaller volumes of solutions. 



tneoreticai composition ana tne question arises, does antimony combine chemically 

with silver in various proportions or is dyscrasite of theoretical composition alloyed 

or mixed with the silver. The stellate structure (Fig. 1) developed by etching a 



95.39 3.31 ! trace .63 ! trace .60 | 99.93 





12 Note upon The Occurrence of Mercury on Cobalt Ores, by G. H. Clevenger, Econ. Geol., 

Vol. X. No. 8, December, 1915. 




I 

I 


o 

CD 

Pj 

CT 


3 8 
S- 00 

Pd co’ 


£ CD 

pi 


CD 2 

P 


P 05 
GO CO 

O 

p" 1 


Cr' o 

CD h 


hT ^ 

cd 4 

CD 

/— S O 


pJ § 

CD M 


P Et 

P ^ 

p , 


aq 


i g ? 

P i-fe - 


►r aq 


i — ‘ CO 
CD CD 

Hj PS 

'* CO 

p * 

P e-f- 

Pj g" 

CD 

•S S 


cr ^ 

CD P 


pi ^ _ 

^ ^ p 

3 


op' 

Ms -o' 4: 

hP 

3 *s p 

-1 sld 


OTQ 


CD j-P ;-P 
^ CD 


O P 


P CD 

2 ? PS 


P o 


P CD 
© r 


P P 
QTQ - 
^ © 


p g: 

Hfe © 


P 


O P 

^ CD 


CD co 

'2 Hi 

ht cd 


p 


co 


H O ^ 
cd r 

ps <§* g 

P P pH 

14- p o 

^ PS © 

r-H ^0 * 


CO 

P P P 

CD 2 rro 


® PJ 8 

^ ^ 3 

O 1-5 P 

^ PS CD^ 

£ 5 ?r : 





r ^ ^ 


calcite or arsenides. Fig. 3, a cross section of a typical very rich silver vein, illus- 
trates well the replacement of arsenides by silver. In the picture both silver and 
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Krystallographische Winkeltabellen — von. V. Goldschmidt. 
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Roval Ontario Museum, Toronto. 
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Chalcocite, Foster Mine 

The specimen consists chiefly of white ealcite through which runs a veinlet 
of white granular quartz. The chalcocite occurs as small patches, usually not over 
a quarter of an inch in diameter, very intimately associated with the quartz, which 
is later than the calcite. 
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and the spaces between the arborescent masses were filled with calcite. Then came 

a period of movement with a slight fracturing of the minerals, and finally native 

silver was deposited in the cracks thus formed. 
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Tig. 12. Fig. 13. 


be seen filling cleavage cracks in the calcite, a good example of which is shown in 
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Fig. 16. White native silver filling cleavage cracks in dark calcite. This structure terminates 

an irregular, much thicker vein, the end of which is seen at the lower right-hand corner. 
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Isolation of Breithauptite . — A specimen containing as little niccolite and 
cobaltite as possible and with relatively large and pure-looking areas of breithaup- 
tite was selected and sawn into slices about an eighth of an' inch thick. These slices 
were then treated with hot dilute nitric acid (1-4) until the outside coating of 
niccolite had been dissolved away and the slices presented the appearance of arbores- 
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Theoretical composition of smaltite — Co 28.12 and As 71.88 per cent. 
. “ 11 of chloanthite — Ni 28.12 and As 71.88 per cent. 
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and the solutions thus obtained were analyzed. 

First solution yielded Co = .0068 g, Ni = .0393 g, Fe = .0018 g or 

Co: Ni: Fe = 3.77: 21.83: 1 
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Fig. 19. Inclusions of gersdorffite (?), light, in relief, in ground mass of a cobaltite crystal. 

Another sort of inclusion has been deeply corroded and is represented by the black line 

crossing the picture. 
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time as the cobaltite and that there is good ground for believing that the iron and 

nickel found by analysis are due to mineral inclusions rather than to isomorphous 

replacement of cobalt by nickel and iron. 



Loliingite, Kerr Lake Mine 

The specimen in which this mineral was identified is a cross-section of a 

portion of a calcite vein. One side was originally in contact with the vein wall and 

contains small angular fragments of decomposed country rock (Figs. 20 and 21). 
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lollingite, safflorite and arsenopyrite of theoretical composition are present. The 

sulphur has all been calculated as arsenopyrite, but, as will he seen later, there is 

reason to believe that some of it should be assigned to the copper. 
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Fig 22. Lollingite surface strongly etched, showing three constituents. Two are bright and 

stand in relief. The third is deeply etched and appears black in the picture, (x 50). 

Analysis — At first only a small sample of about two grams was selected which 

yielded the following results: 






ty 

cd 

crq 

H 

o 

3 

c4 

ty 


rg ^ g 

°€l 
I . *3 

^ gg p 
O 33 H 

li n <d 


vT Cfq 

H 

CD 5 

a £ 

3. p 

r-h- 
CD 


!• t* & 


g.l 

cd 


^ bl 

H- CD 

^ 33^ 
C3 

p 3 p 
H O y 

^ Gj 

CD oa . 


& 

H- 

5' 

crq 

p 


crq‘ 


crt- P t£L H- 


cd~ & 
Ms X 


CD P 

p- Pi 

CD 


8 -S' 


3_ y cd 

£ g 

CD Ss. o 

3 

CD 

,£3 CD M 

• ■ p P 
H & 
H- ^ 

33 

CD P 

g: ® s 

B s ^ 

^ CD ^ 

2 o p 

B « & 

s § r 

3 m 
CD W * 
w CD m 


CD 


1-3 


H- Cfq CD 
CD 5 


p 


P 

y ^ 

H- 

O 


O 33 

Ha 

<d- 

pj p 
CD 33 
>-i CD 

33 

C3 


P id 

H 

P 

Cd d 

CD 

CD 

GO 



GO 

pJ 

3 5" 

P~ 

H- 

33 

o" 32 

C3 CD 

3 

P-i 

ro 


h. 33 

o g 

O 

P 

rj 

CD 

CD 

P 

C3 p" 

03 

CD 

Ha 

H 

CD O - 


o 

M ^ 
£3 

O 

h-+s 

0 

O 

<d- 

c+- 

OT ^ 

ty 


CD 

CD 

CD 


hrj 

crq’ 





■g 









’-d P 

*-i '<! 
<»’ 2 
2 3 


Crq CD 
CD P, 


8 3 
^ p 


p # 

m* d; 

vT CD 

Cfq pj 
8 | 
^ s 

•-j CO 
CD _ 

p © 

CD “ 
CD J 

£: O 
O 

p p 
co ^ 

CD 

w s 

CD rd 
2 . 8 
Pj p 
CD 


CD rp 


O crq 


P 

vj 


h^ CD 


^ s, d 
b:_ s 

O ^ M- 

P " 1 CD 


I sr 


CD . 

CD P 
H CD . 


Vj 

P 


•< | 

3 «> 

p C S. 

* gj 


CD P 

-C P p 
cd o 

o 5 ^ 

P CD CD 

d CO 

m ’ ^ 

'D CD 


5 - 2 

M- 

h 3 

g ^ 

O 

Mb 

CD 

p, rt - 

M- 


Sj 0 

O 

P 

p 0 

Mb 

2 . 

P. 

P 


O Vi 

O 

CTQ 

- 2 - 

CD 

rn 


3 ~ 

a co 

•-i , 

CD ^ 
_ CD 
P-i i-j 

CD CD 

g> H, 

2. o 

M- p 
CD M 


P 

h-i • p 

Cfq ^ 
t -3 ' <P 

P co ^ 1 
CD CO CD 
^ O 


ca p 

& 8 f 

CD * 

P ^ 

I* | 

8 EL 

Mb 

^-s O 

u_i *-i 

© g 

co 

~ CD 

§ § 

P ^ 

hi 

CO t— • 


CD 


P 


P 

PJ » 

2 o* 

P P 

CD CO 
CO CD 


_ p 
O CD 

W 3 
2 . 2 . 
CD* “’ 


P 3 »-H 

O 


0 

ra 

0 

2 

03 

C+“ 

p 

0 

~ 

CD 

P 

d 

crq 

0 


CD 



p-h 

Mb 

O 

Mb 

, 2 _ 



P 

crq’ 


0 

P 

M- 


M-" P 
3 CD CD 

r if 

» Qj CD 


O 

v$ 


o o 

p -"I 


CD 

crq, 

p 

CD 

o 

p. 

o 


p M> 
w £ 
p p 
<3 o 

p s 


M- P 
CD 

<J 

P - 1 CD 

o’ 

pc' O 

p Vi 


Vi co 

CO 

CO P 

* ^ 

H M- 

o o 


2 fcD O 

^ br SL 

St- 3 

pj 


CO CD 

O cn 


P 

CD . 

g P 

CO 2 

P 3 

O GO 


°[ 5 L 

p 


p p. 
p p 
O rD 
P' >-i 

03 P 
CD ^ 
CD O 

2 3 

CD i-rt 

3- 1 

“ CD 


2 8*03 

o 


^ 3 

CD o 
O e- 
PL, p 
P 

>-i CO 


GRi 00 cc 1 

Hj p p 
CD d 3 * 
P P ^ 


2 p ® 
O Cfq cd 

P ro 
m. p 3 
p a 


& g- g 

co O £ 


P CB 

^ Cfq‘ 


w co 
p “ o 
p' 2 c" 

® S’ I; 
p p 


0 S 

Vi CD 
hi >-t 
m. CD 
M- 

CD h.. 

co 
O 


Cfq 


" O 

P 

C 

<3 c-h ^ 

M-. Mb 

cd d: 

O CD 

O 

P 

P 

n 

1 

v; 

0 ^ . 

GO <TD 1 

g S- 3 

P _ 

2 - ^ 

cd" p" 

P 

e-t- 

P 

rf- 

SL 

BT 

b s 3 - 

0 ^ 2 ' 
M- y’ 

Mb 2 . 
O ° 

CD 

O 

2 p crq 

M , 

2 W 

CD 

CD 

00 

2 , 

S. 03 co' 

0 p g 

00 Hj 

P CD 

P P 


0 * 

3 

^ g. i 

M- 

CD & 

O ® 

CD 

CO 

0 

g 

O P P 

CD fcM 

g 2 O 

Mb ^ 


3 * 

p 2 

M- ^ 

P 

« 

pp w 


CD cb *d 

X cb cd pa 

P P P M 

B M p rt 

g- p- 2 g 

CD »— •» 

Qj . - O rr^ 


GO 


P 

1-3 

CD P 
P CD 

H 

03 o 

r+- h-i. 
O CD 


P 

P 

P 

PJ 

O 

VJ 


^ U £. 

p. P p 
CD P 
^ p- crq 

p Cfq P 

ct- *d 

M- 2 - 

p - 2 «' 

CD p p 


CD CP 

& o 

3 g 

P 03 


o ^ 

p p 
P CD 


CD 


P P 
O: 

CD p 


Vi O 

w’ ^ 

CD 

P hi 

•3 § 

CO 2 

CD p 


Cfq 03 


Pj 

CD 

P 

e-h 

P^ 

CD 

PJ 

P 

Vi 

2 ^ p 

i p 

Mb 

P o 

CD M 


P & 

a- 

B- § 

g £. 

§ ^ 
CD CB 


P M“ 
CD O 


O P 

p 3 ’ 

p ^ 

§ § 


crq 


o 
p 
Vi 
4 _ 

cd ca 


p p 
p ^ 
£, p 


p. p 
P crq 

o crq 

P CD 


- 5 

■rf "P 


S 5 

CD 

3 ^ 

p p 

^ J 

CD Ob 

2 M 


l— ‘ P 

S' 3 

V cs 


1 

crq 

hi 

O 

P 

P 

O 

%% 

Vi 

Pj 

d co 

M 

0 

•-i 

GO 

O 

CD 

P-> 

<—t- 

P 

«rb 

p. 

<2 

CD 

DS 

f+ 

P 

CD 

P 

►-j 

03 

p" CD 
rrf- p 

£ 
P » 

2 

p 

M- 

hi' 

CD 

O* 

txl 

CD 

O 


g 3 

crq . 

<rh 

CD 

p‘ 

O 


CD 

M- 


<M- 

O 

<rf- 
O O 
h-b 

p 

CD p 

vT 

d 

P 

O’ 

P 

p 

>h 

crq 

M 

O 



r- 4 - 

, p 

-d ro 

0 

M 

O 

Ms 

CD 

p 


CD 

t+ 

CD CD 


3 P 


P- P 

2 . p 


Mb O 

^ O 

2 2 

^ CD 


M- CD 


o 2 . 


Cfq co 


Cfq J 


CD J 3 
CD CD 


P co 
CO CD 

P 
P P 
CD M 
CD P 

P CD 


CD 

P 

& 

Pj 

co’ 

CB 

P 


a s 

2 Cfq 

M. C 

P P 

CD Pj 
P p 

1 03 

^ P‘ 


CD P 

cb a 

O M- 


CD CD 

O ^ 
Mb CO 


CD as 


P 

CD 2 

gr ^ 
OQ S' 

9 £ 

fh • CD 

P^ 


CD 


S gL 

O co 

CD O 
p . Mb 


p- P 

CD M 
2 ? 






9 






4 




bC 


Total 

99.97 


©q 

GQ 

CM 

© 


©q 



m 

CO 

< 

Tji 



o 

o 

o 

o 


a> 

w 



CO 

© 

no 

ft 



CO 



r 


Fig. 23. Arsenopyrite crystal, O’Brien mine. 



niccolite. The rammelsbergite me itself is not entirely pure as it contains small 

inclusions of niccolite which appear to have been precipitated at the same time, 

though in very much smaller quantity. The niccolite also contains inclusions of 
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Fig. 24. Diagram of rammelsbergite specimen, natural size. 

Fig. 25. Drawing of crystallized rammelsbergite at the contact with niccolite, as seen 

under the microscope. 






"4 


o *** 


o p’ 

8f & 

1—1 o 

p p 

3 ® 

P-l C/2 


0 

H- 

0 

a- 

ca 

p 

p 

H- 

H- 

H- 


a^ 

O 

CD 



O 

H 

3 


p 

H- 

H- 


CD 

CD 



3j 

r 1- . 


CD 

o- 

c»" 

H 

CD 

CD 

C /2 


C/2 

o' 

P 

CD 

a 


H- 

CD 

H 

3’ 

h— 1 

«^T 

O 


CD 

a_ 

H- 

0 ’ 

P 

ar 

Crq 

CD 

CD 

J — ' 

M . 

PJ 

cc 



P* 

a 

0 

C/2 

CD 

Pj 

3. 

O 

pi 

a 

CD 

ca 


H- 


Pj 


a 

a- 

CD 

CD 


H CO 


P °S 

P 
cs <3 

O M • 

ib 

O ?5 


B S3 


Per cent. 


to 


bo 

g 


' 

1.80 

Co 

r+* 


H 

P 


O 

CD 

CD 

OS 



t> 

CO 

cn 

to 


CO 


b 

CO 

m 

bo • 

m 

CO 

a 

CO 

H 

CO 

0 

bo 

p 

to 



CD 

m 

b> ^ 

a 5 

crq 

2 £-' 

P (TD 

C/2 ^ 

»■ 

o SL 

Ha CD 

£? ^ 
o ta 

h o’ 


cc 53 

CD ^ 

H- P 
Pj c-t- 

|| 

ta as 

aD CD 
CD P 

p., H 


CD 


a a- 

H- M 

^ a 
a ^ 
o at. 

O C+ 

P CD 


02 

cr 

0 

P 

e-C- 

CD 

^ P 

cd a 

°s. 

H- 

a 

0 ^ 

r— h> 

CD 

CD 

H © 


O 

jH 

H-H CO 

£ cc 

Cl) h-*- 


a EL 






1 1 









be 


ft o 

© 8 


§ £ 


© 


© 

o © 
° © 
03 CO 

03 

^ ft 

03 © 

pP S3 
H-> 03 

© 03 

© ft 

Fh -M 
<m co 

pP h 
© 03 

© _ 
• Pi <-a 


03 ' re 

" M. 

-§ Pi 

'be Q3 g 


rP 02 ks 


Hp 03 
03 p^J 


03 


ft 

2 « 
a k 

«HH 

S -H* 

© 

a g 

H-3 

g 8 

© 

© 

_i (D 

HQ Hh 
8 ^ 

© 

c3 

ft © 


Pm O 

Ph 

© 


o a 

.co o 

•V ^ 

03 
O 
03 
© 
03 eg 
O, -t-n 
^ OJ 


03 pi 

pH ’I — S 

2 03 

ft Ph 


3 « & 
a S “ 

P * H 
_* Hp ^ 

^ 03 o 

H-3 H HH> 
rH 03 


EH o 


^ 2 
O ft 
-h ft 

co m 

Ph 
cS 
03 

ft 9 
ft ft 

c3 


ft © 
9 ft 

£*-§ 

£ 

03 

ft 

02 

ft A 

03 g 
k g 
. 03 Hi 


HI _2 


03 


© ~ ft 
ft PI ft 
ft o pi 

^ i <d 

"Is 

© r© c$ 
ft ft 

S ft ft* 

S S 3 

ft =+H ^ 

cO O ft 
co Jh 03 
© © « 
ft ^ 2 


03 8 

© ft 

© § 

be os 

Ph 

Q3 

ft © 


© «h S 
ft o 
he ^ h 

Ph s_? o 
ft 

02 ft 'ft 


8 ft 
^ ft 


be a 


g o 

^ ft 


2 £ 
ft o 


© 

k> 

© ft 
Hp EH 
© 
ft 
ed 
© 


© 

ft 

TIL •+- 3 

C3 O 


© 

© 

ft 

03 

© 

bo ft 
rr os 

P 

© 

9 

P 

r© 

© 

Q 

02 

1 ft 

o3 

© 

i & 

Fh 

a 

ft 

<=« 

2 

oS 

1 ?H 

o 

i 03 • 


2 ft 03 

£ ft ^ 

£» & © 
ft © «fH 


ft 1/3 

o 3 
.1 & 
pi © 


* ft 
.© H 
9 


© co 

n 3 H 
ft 

© 

ft 03 
© 

ft ft 


ft Ph 
•2 .2 
"ft ft 
* - 



Fig. 26. Long prismatic crystals of rammelsbergite in niccolite. 
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The ratios here are much the same as in the first analysis, but smaller amounts 

of copper, bismuth and antimony are present. There is no evidence that glaucodot 

is one of the constituents. 

Summary — The material is a complex microscopic intergrowth of several 

minerals, which are so intimately mixed that they cannot be definitely assigned to 


a 2 


cn 

M 

00 


CO I 

to 


to 

1 

II 

LO 

CO 

to 

c 

0 

Oil 

M 

pi 

O 

00 

d 


CO 

II 


i— * 

CO 

CO 

CO 

Oil 


00 

M 

05 

bo 

00 1 

0 

j 

II 

C 

0 


a 

< 

0 



^1 

1 ®> 

4^ 

CO 

CO 

m 

05 

1 4*. 

I 

.1 

( 

bo 

1 

fr. 

to 

to 

CO 


to 

1 P 

0 


-l 

1 01 


II 


Q 
P p 
Cu w 




P o 

a p 

p ^ 

B p 

S- a 
^ o 

S a 1 

Qj <T> 


< w a 
a. p a. 
d B a 

p a p 

a 

S p 


E § 

o a 
pH co 


CO 


^ 

CD p 
O * » 

«.s I 

?•§ 
CD P 


CD 


_ CD 

O 


p a 

CO H-* 

o 


a- £f 

2 & 

CP ^ 

O 

a 


^ as 


aa a 




a. cd 



Per 

rent 


2.12 

> 

crq 

Ol h-i 

oo 

CO CO 
~-4| 4^ 

II 

to 

CO 

4^ 

M 

Co + small 

amount of Ni 

Oi: i— 1 


pi -p 


bo bo 


,00 


Jl 

CD 

M 


^4 


CO 


CO 


CO 

w 

01 

M- 


O 

0 

CO 

a 

-4| 05 


fM P 


CO d 


05 1 -4 

>> 

|l 

co 

bo 




0 


05 


COi 


CO 00 


0 0 


■^i ; 00 


|l 

00 

bo 


01 


to 


0 


.47 

00 

a 


_ <cT~ 


a 

f— * 

p 

to 

c4- 


N 

M 

O 

H 

O 

0 

bo 

P 

) to 



a- 

p 

<T+- 

P 

►a 

as 

CD 

P 


- JB 

at ^ 
?0 

CD cj 


CD 3 

O £L 


h-. o 

HJ H+s 

H 

CD CD 

crq x 

3^ fj- 

^ CD 

h a 

CD 

a^ ^ 
S ■ g 

d p 

cr aa 

S- no 

CD tt- 
^ CD 


CD 

a_‘ p 

l — T - l-j 

g | 
•a o 
d 'a 

CD •-! 

4 

CD P 


h-. CO 

t*r o 

CD g 

£ | 

cd ja 

cjS S 
t. O 

a cd 

* £ 


f-TB 

p j ir a 

d p ^ 

cn 

O 

p+- 1 “ 

CP ^ 

CD 

CD 

r-b 

a. 

- 4 

O’ 

Crq 

1’ d ^ 


CD 

T ’ ^ 

O 

H+s 

E/3 

CP 

CD d‘ 

p-* 0 aa 
p p g 

Cfq 

C-i 

p 


CD 

d 


hrj 

eg’ 


a' § 
aQ 1 
p a 


p 

crq o 


H 3 


a 0 

S 5 

a cd 


HI H 

* I , 


£ * 




of a disturbance of the normal cubic cleavage which in such parts assumes a dis- 
torted, roughly rhonibohedral form. Microscopic examination of an etched surface 
(Fig. 28) shows that this last material is an intergrowth of two distinct minerals, 
of which the ground mass is galena and the included mineral, as shown, by the 
accompanying analysis, is matildite. 


Mol. Ratio. .2624 ! .0974 .0937 .4580 .0037 





^ 2 




p ® § 

* 8.! a 


® 5*S» 


p 


2 ® 


h ® a 

i-i 

a 2. » 

S' F 2 

CD 5_ 


p 

Oj Hiciq 


a. y» 


3 a 


I* S' 2 

p p 
3 g‘ p 

p 2 ^ 
OB g 5 ° 

CO CD 

o .. g 

£ o’ a 
p 4 ~ 

g*p g 

a 3 pd 

& 3^ 

O' 3 3 
V O 4 
3 

8- § 
3 g ^ 
=r5 


. Q. Pi S' 
3 o 
3* 2' y 

o«i S p 

J 8 


o 

* o' , 


CD 


CD 

O' % P 

g,2 3 

S CD 2 


2.2^ 

2 j 3 n 


3 2 
O S rt- 

3.^ 3 
8 ^ 0 
p 2 


OB g | 
o* 2 
B 

3 £g 

O ^ ^7 




PJ 


a 


3 


CD 


a 


» 


3 - 


OD 

tf4 


i-j 

CR5 

ro 


1-5 


Cl 


CO 

OQ 

0 


M 


CO 

tsD 

GO 

00 


b 

m 

00 

a 4 

to 

PJ 

Cl 

a 


rf- 


5 O 


O O 

O 

M 

O / ^ N 

to 

Hb ^ 






M 


B 


0 




4,. 

CO 

P 

00 

w 




p 

3» 

p 

O 

O 

0 

i-» 

95 

CO 



3 2 
o g 
3 & 


3 O O' H» O 
O HsVJ O Hs 
cJ 

- * * 


®» 3 ^ rt- p 3 S® 

psgjOPDSpOJpg 

_ _. w p h»*s ^ s 2 £ 

^®PB ®®«®33 
2 mo 
“■?* o 

V5 p 


P Oj p 3 
3 3 3 X 

SLg 

3 . CD 8 , h 3 
gp ^3 
3 g p Q 


« £L "» g « S. ^ O M. 

I 3 p 3-E8.8 3 s 

2. 3 cr* 2. . P V '-»- h 3 
5-334 S ^ Mto 
“ l-J 1 3 8- . . £f 3 


3’p 

2 3" 


3 


O 3- 


3 S' o’ S O o' M. 2 
£ ***£ §: y 3 
p ® 

1 £1^ *<g P ® 
3 . 4 orq 3 a 
— 55 . 3 ,2 3 ® g 
3 OB 


- P I 
Oj 3 < O 

®t- CD 3 w o'^a 
Pj p.v Oj>4 cd a g o 4 ^ 

f? 5? § g; § 2 ^ 3 cL P.^ 

3 _ ® 

O ^ i^g.® st.® p 3 a* °s.s 

•4jj O P rfcf tD 3 , H O ffl T n 

•sJ(K3^o3 M 2 " P P “ 

3.VJ P a P * B m ® ® H. e^-'j P 

eft® S B ^ o 


?8W!.iB 1 3i:a 


o-B'^g-s B .--5 s| 

Jf a s? ® a ^ 


3 

| 5 S- jg- * 

?|fi 8 s-siri 

s- i 5 a § S.’S f ' * 

Pj P ST £• ® o o ^ 
tP ® 2 3 o P 

4 j 3 * 3 flj 4 j 4 M O 

|pg^g j g.g;|g. 
p* O g. 3 :'* a '•* 2 S’ 
a § £4 s* § ob * <** 
§f 3- ® * S- P ® ^ 3 
£8 a 

S.o p h. 

3 Hs 3 g a 

^ 3 $ ®<3 
5^? 8. 

3 


3 


3 


Oj^<J 

i— ■ oa 

§* 3 W 00 

CC 3 3"* 3 

~S 


p 4 

as '*- H P 

p a 3 


3 3 


§20 


3* gj 


3 ^ 

: m". o 

■3 2 

O 3 
3 3 
^ g- 

H»g. 
o c* 

g Q* 

3 p 

Qj 1 -j 


3 

§ ?C > 

P> r— 

-i , 3 a 

® o ® 


"I 5 


® ^a 
g 3 
8 s 


P ^ H» 

3 P » gi 2 

S' ® ^ ® 3 

M “ 4 o P 

p M 

i— g- ® p 

P* P 3 E.q3 
P P ^ £T. 3 
3 Oi ^ o 
Pj p 3 32 
P ob 3 


n' P 


^ p § § 

a < 9 . 

P* 


o 

2. ^ 


o’ 1—1 ' gt 
P P 4 3 
P QfQ 


Ho 3 


■<J £T. 


^ q- 2 ^ 3 

P p P ^ 2 

a* 3 Oj p <rl 

1^3 3 aiM 


i-s's 


' 3 

£,§ 


3. 3 ’ 

<rt- £ 2 j 

CD 3) _ 

r* s5- q 

2> 4j 

' ^ 

oo 


|j “ 

g 

<0 ^ 05 

S* O 


•3 

^ 2 

3 2 L 


O 


^ 2 

t-f- 4-4 O 

rl 3 

3a g 1 

y ^ s* 


CD 1-4 
3 o 

05 a 

S-* t= 


o 


fcr* 

CD 


_ O 
CDjj ^ 

3 £ Q 

2, S 

CD O 
3 H 


w 


. a 
2 ' <5T P 


p ^ 

Vi a> 
a 4 2 
^ P 
hQ P 

a p 

o 


£3 

P 

<! 

CD 


C3 
o 

Cr- 2 

mg B 

^ g, s- 

• • ^ CD 

o 

vj 44. 
3- O 5 

p 4 a 
a Qj 


3 C_j 

g | 

P P 

^ P 
P 


£ a 

CD 


fS £ 

p 05 h-j- 

£a p* p 

a crq 


o' g: cq 
pj 5 P 


2 crq oo ^ ^ o 

a » * 0 3 . 2 . 3 , 

P a o tr 1 S ' 1 3 - 

3 ja w 3 CD^ hj- 

sb p h d crq vj ^ o 
05 * a ~ 1 


05 


O 

o crq 
I--, a 


02 . 


p r*> 
P y 
Pj £t 
-4 P 


a> 


a P 4 S' eg 
3 a P 3 
V! S' O 


a a V1 
a p 8 

2 3 - g 

0 ^ [> a 

p p 
£L 3 1-1 

tr 4 ^ 


n‘ P 
p g 

3 - B 


O 

3- a p 
a: a »3 


< 3 

a 


05 P 

p *ir 3 p 

P 4 £? a 2 3 

a ^ 
o 
P 

P “ 

^ ° 


P 


o P 3 


O, 3 - 

vJ pr 4 

3 b 

»_ a 

3 - 

P 4 

3 H P 

a 

3 - a 
a 3 

05 

P 4 3 s 
CD 

3 

h- b ^ 

P 

8 

3 a 

a 

3 - 

P 

vP cS 1 

a 

P 

P <! 


age 

nd 

a 

3 

a 


cd a 
d O 


3 - ^ 

o o 


05 


3- P 4 
P 

3 2 

P. £P 


^4 ^ Vi 
P 

P a 

i-2 p 

£0 05 

34 O 


3 % 

a P- 


crq 


a 


3“ P P 
p 4 a 3- 
a o p- 


3 “ 2 . 

3 * P 5 

P a 

P 


P ^ 0 
a 2 

P S" ^ 

3 . a 05 


3 

. a 

Ep o 

P^ o 


<i crq 
a P 


a 


a 


a 


05 


Vi 

£L 05 

Vi a 

p 


a 

s w 

S U 

2 2 . 


g g g S- 

jb a pj q 


3 - 00 

O 44 . 

05 

O- 4 o 
o ^ 


a o 

V g y ^ P 

3 s 50 a qS p 

3 - cd 9 S 34 a 

3 O 3-3 


05 


05 


a 


05 


02 


a 


a 


a 


P 


Crq 


02 


05 


P 


o 4 a 
a pj 


Crq 


P 4 

a 


o S 


43 ^ p 
p p 3 
“ CD 

—4 a 3 

^ e e 

a 


a 


Pd po 

0 3 - 

p a 


o K 

g ^ 

a o 


3 - p 

4^4 m 
P 

crq m 

SL Pj 

p 3 

p P 


o ^ | 

5- ^ ^ 

3 - P S 
O 3 , 8 

p ^ p 

C 04 p p 

3 pj a 


P ® 3 - 
3 - Pj a 
POB 
a 3 < 3 - 

£4 £3 

05 1 P 

^ ^ V 

3 v 3 . 
P 4 p 
a' d:^ 
s 4 & 


3 04 3 

a 3.3 

o 3 - a 
q a a 

' Oj P -P 
3 a P 5/3 

P 04 35 O 

crq 3 


^4 S 

gj £7 p 

a o o £ 
p a 


a 


a 

’ 3 

, Crq 


a 


05 


a 4 V 

a 

g u 

p 


0 


p 


O 3 s crq 

£P ^ crq gL 
S' ^ £4 2 
3-4 a 


05 


a 


e § 

& & 
a 


3 ^4 


S P 
P 


P P 

a 4 o Vi P m 

B 4 V g 4 ^ ?» o 

o 05 pi p. 


w 

p‘ 


05 O 

p p 

hp p 


00 


3 P P 
3- p p o 

a § O 4 50 p 

^ P V P g 

05 OQ w p. g 

O £7 g aq P 

^ P' B- 

S- s &> I 

P.' r#i aT 2 E. 


3- a 
o CP 


sP o 


P P 

a P 
a p 


■ crq' 


££ 
1 a 
o 


3 3 - P" ^ ^ 

P 3 o p- 1 

o v E p 4 o 






S?W V Vi 


ffipgPV* 

3 BSriT 





© .C 

o +S 

© © 


c * 

5 p 


r © 
>, ^ 
P-t o 

° 


O ® 

«H P 


® e$ 


_ © 
* i 

U 

g "8 

CO r— i 


.2 © 

© ^ 


© . rH 

-M 

•“ 


•H «H 

Ml 


a © 

rJ 'H fi 

^ © $ 
Q rN 

a 


m 


cS 

■H 
O 
© 02 


53 g 

•c s 


m 


bfi 

< 


Ah 


pi q 


Total 

100.19 

Insol. 

.38 

Arsenic 

excess 

.79 

1 

.2 

(A 

.53 

Smaltite 

! 

.42 

<u 

>» 

ofi 

0 

r^> 

Ah 

GJ 

00 

o 


■+P 


•p! 

C5 

m 

CO 

0 

tp 

O 

ft 

Ol 

Ph 



HH 


p 


© 


© 


Ph 


© 


! Ah 


.bp 

r co 

Ph 

© 

8H 

©3 

<D 

pH 

© 


g | 

f_, 3 

43 4 

P Af 
o ^ 


g ^ co 

d ° Ph 

W , c3 

jj g C4 

P © 

*-H iU pH 


bo 


r-t © 

^ "3 

o 
c3 


PH 

2L 

a a - 

.y ^ © 

o g ^ 
.*§> o 

S -ft 


© 

c 

g 

c 

# a> 

ft 

CQ 

6 

^2 

-w 

'/. 

>> 

In 

U 

© 

'S 

RJ 

© 

>> 

© 

a 


^ 3 

-M ® 

i - 

_ Ph 

co O 
g co 

o 'g 

©j © 

As p 
,12 © 
O zi 
O g 

© © 


p .2 
©1 
i=! A-> 

P c3 

© Ph 

«? bo 

£ O 


P~> 

-2 O 

©s _o* 

M p^j 
© 


qp 


© 

-i 

bo 4 

P -+ 

o ■: 


© 

© © 
rP ^ 

® -+j 
< 73 o 

r© © 

r*~s 

'B § 

Ah PP 


c* 

o £ 

p .2 

P c3 


P ^ 


P O 

© 

b0 S> 


e+H © 
© © 
r© 


H-> © 

pH © 
© pn 

©> co 


O „ 

. O 

Eh a 

. © 

s s 

2 H 
bO -_, 


CO 

Ph 

c3 r© 
« as 

?H 

,— I ° 

c3 

Ph P 
© <-< 
.S & bP 
^GQ © 
Ttf "+3 

P «4-H 


P >% 


© 

_j © 

P 

© © 

^ rP 

© 

r© «H 

P 


© 


'-' CO 

bO bo 


§ 2 
-4-3 <X> 

© ^ 
co 


co 

.2 © 
^ PH 

c8 43 

p 

P3 ^ 
-+f c3 

' ? .S 
© ^2 
g 

© 4 

© s 

Ph .2 


© 

H© ■© 

© p 

p p 

*3 s 

M ^ 
© ^P 

M ^ 
© 

•H-^ 

E "S 

!> © 

H P 


bo 

HP ^ 

c3 

4h ^ 

© .rH 

Ph Ph 

©■ 

C3 _£ 

©j 

u -s 

O 

^ fi 

Ph ^ 

-+H> 

© 

f© 

^ P 
© 


43 -2 

"« f© 
. © 
>? rP 

S H© 

Ph P 
qp c3 


ki © r 

j* “ h 

c3 © © 

P PP 

© O HJ 
Ph © 

c3 f>H> bi 

r© C 


CQ e. 

2 o 

~© rrj 


co 

P ’o "qq 

S § fc 4 

•p p u 
fl Ap 

fe © ‘ +_ 

■P §13 
2^ o 

© r© 

S bO © 

rP PH 

s ^ ^ 
^ 

«H P H 

o -H- 3 .P 

Ph ^ ^ 

© r© 


© 









j 


Hintze — Handbuch der Mineralogie. 
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Fig. 29. Polybasite, O’Brien mine. 
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Analysis of polybasite crystals: 
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* Direct determination of total water. H 2 0 at 100°C not determined. 

f Equivalent to CaO and MgO found. 

j Actually found. One determination. 
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Order of Deposition of Cobalt Minerals 

The writer has not been concerned primarily with the study of the paragenesis 
of Cobalt minerals, but the apparent order of formation has been indicated for the 
associations which have come under his observation. For a complete study of this 
question very, complete data would be necessary and final conclusions are probably 
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among the Cobalt minerals, e.g.. smaltite-chloanthite, niccolite-breithauptite, etc., 

it is believed that certain of those minerals were precipitated in greater or less 
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